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Abstract: Reverse supply chains take a variety of forms, depending on the 
nature of the product, the business model, the stakeholders and other factors. 
This article will contribute to a better understanding of how different types of 
reverse supply chains function, how they can be modelled and their 
performance assessed. The research is based on a semi-structured approach 
using case studies, interviews and qualitative analysis. A generic RSC model is 
suggested in conjunction with an analysis of circumstances and factors of 
influence, with the intention to trigger further investigation. A better 
understanding of RSC may lead to more companies engaging in returning 
products and materials to the process of usefulness suggested by the circular 
economy concept, hence leading to a more sustainable way of running 
manufacturing businesses. 
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1 Introduction 
Globalised trade and increasing pressure on resources from both within and beyond 
organisations require supply chains to become more sustainable, which includes the need 
for material flows to become regenerative. In this context, there is a growing interest in 
evaluating the performance of supply chains in terms of sustainability, which includes 
economical, ecological and social aspects (Svensson, 2007). 
Reverse supply chains (RSC) recover parts and products from end consumers or any 
other stage of the supply chain and feed them back into the supply network for reuse, 
remanufacturing, recycling or proper disposal. In this way, RSC contribute to 
manufacturing becoming more sustainable ecologically, economically and socially. 
Most companies that manufacture or retail consumer goods have an RSC of some 
description, to facilitate the return of goods for a variety of reasons. However they might 
not recognise this as such and may therefore miss out on opportunities to improve the 
business and environmental performance of their supply chain operations. This is true in 
highly developed economies, and even more so in developing ones (El Baz et al., 2016). 
Nevertheless, a positive impact of RSC on the quality of remanufactured products and 
customer satisfaction levels has been found (El Barky, 2016). 
Research has found there are economic, social and environmental factors that may 
incentivise companies to take a proactive approach to RSC management. The aim of this 
work is to contribute to a better understanding of RSC, encouraging companies to 
engage. This article defines terminology in Section 2 and explores the current situation in 
industry and refers to relevant literature in Section 3. A framework for modelling RSC 
(Frei et al., 2015) is presented in Section 4, together with examples and discussion of the 
possible benefits and challenges of establishing an RSC. Section 5 explores shared 
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characteristics of different RSC, whereas Section 6 provides analysis and discussion. 
Finally, Section 7 concludes this article. 
2 Definitions and terminology 
For the purpose of this article, it is important to draw some distinctions between the 
definitions and terminology used by industry and academia with respect to sustainability 
in supply chain management, as these can be subjective. This also clarifies the definition 
of an RSC adopted here. 
• Reverse logistics – this concerns primarily the transportation and storage of products 
and materials being returned or recovered (Guide and van Wassenhove, 2002). 
• Green supply chain – green supply chains are environmentally sustainable, without 
necessarily and explicitly considering their economical and social dimensions (note 
that the term ‘environmentally sustainable’ can have more dimensions than just the 
carbon footprint and the release of harmful/toxic substances into the environment). 
• Sustainable supply chain – sustainable supply chains consider environmental, social 
and economic factors, as derived from customer and stakeholder requirements 
(Morana, 2013). 
• Closed-loop supply chain – strictly speaking, a supply chain is only closed loop 
when products are returned to their original manufacturer and for their original 
purpose, sometimes via third parties; the RSC is an open loop if an independent 
company takes over. However, the main aspect of interest in the scope of this article 
is for the flow of products/materials to be regenerative, rather than the distinction 
between an open or closed loop situation. 
• RSC – an RSC is concerned with any process that returns products, components and 
materials back into the circle of productivity. RSCs often require cross-functional 
and multi-organisational cooperation and even active participation from customers. 
Possible scenarios include: product recalls; returns of products that were delivered 
wrongly or got damaged as well as obsolete stock; used products going to a resale 
market with or without remanufacturing; and products that reached the end of their 
useful life and get recycled or disposed of properly, possibly recovering energy in 
the process. 
An ideal RSC will incorporate economically, ecologically and socially sustainable 
practices. However it is important to note that companies may operate their RSC 
independently of any or all of these factors. Prahinski and Kocabasoglu (2006) 
define an RSC as “the effective and efficient management of the series of activities 
required to retrieve a product from a customer and either dispose of it or recover 
value”. Guide and van Wassenhove (2002) suggest that an RSC includes product 
acquisition; reverse logistics; inspection and disposition; reconditioning; and 
distribution and sales. 
   
 
   
   
 
   
   
 
   
    Understanding reverse supply chains 249    
 
    
 
 
   
   
 
   
   
 
   
       
 
2.1 Methodology 
The approach taken in this research consists of literature research, qualitative analysis, as 
well as semi-structured (and still ongoing) interviews and case studies. The companies 
involved in this research include small, medium and large enterprises mainly in Europe 
across various industries, and the focus was on products that retain a high value after use. 
2.2 Research questions 
The presented research aimed to investigate the following main points: 
Q1 What is the current state of the art in understanding different types of RSC and 
assessing their performance? 
Q2 What different types of RSC exist and how do they relate to each other? 
Q3 What factors influence companies’ decisions to engage in RSC and what factors 
decide whether or not an RSC will be successful? 
3 Literature review 
3.1 Performance measurement in green and sustainable supply chains 
Ample literature exists on sustainable and green supply chains and the reasons why 
companies engage (Lee, 2008; Lee and Rhee, 2007), yet there is relatively little on RSC 
and even less on how to assess their performance. Research carried out on the 
environmental performance management of supply chains suggests that little agreement 
exists as to what should be measured nor indeed how it should be carried out. 
Furthermore, although significant numbers of metrics have been identified in reviews of 
the literature such as that of Hervani et al. (2005), performance measurement is focused 
most strongly on those metrics that can be quantified especially in terms of finance. 
Callado and Jack (2015) found that whilst balanced scorecards are frequently proposed 
for the assessment of supply chain performance, the selection of actual metrics varies 
widely between functions across the supply chains. This is even more the case for the 
underdeveloped area of RSC. Where environmental performance measures have been 
identified, such as by Azevedo et al. (2011), Bjorklund et al. (2012) and Bai et al. (2012), 
these are more often linked to green supply chain management practices generally, rather 
than RSC operations in particular. 
McElroy and Engelen (2012) argue that any absolute metrics should be as descriptive 
as possible to give them meaning or context. For example, this may mean using a metric 
such as annual energy use with the context being the number of employees to give a per 
capita amount or units of production. That said, as the authors point out, the context 
should be meaningful. For example, it would not be appropriate to use the number of 
pencil sharpeners available to staff as the context for the amount of green house gases 
emitted. However inter-annual comparison can be made unreliable given that 
organisation change sometimes quite radically in terms of size and activity. The authors 
go to the extent of recommending the avoidance of any absolute metrics that fail to take 
into account such organisational changes, as they are essentially meaningless for 
comparison purposes. Relative metrics tend to be focused on efficiency, which is not 
   
 
   
   
 
   
   
 
   
   250 R. Frei et al.    
 
    
 
 
   
   
 
   
   
 
   
       
 
necessarily the same as sustainability. McElroy and Engelen (2012) sometimes refer to 
them as intensity metrics in that they describe the intensity of use of something, e.g., the 
use of electricity in department A versus that of department B. 
Huisman et al. (2004) point out that in many cases the environmental performance of 
individual products in end-of-life (EOL) processing cannot be determined as such. The 
reason is that individual products are not normally treated as discrete items, but rather as 
material streams as a result of shredding and separation or disassembly operations. This 
issue will need to be addressed when developing effective performance metrics for RSC, 
especially to calculate which products should be remanufactured, reused or recycled. 
Porter and van der Linde (1995) acknowledge the need for regulation as a driver for 
improved environmental performance, whilst external pressures exerted by customers on 
suppliers and market competition drive innovation. This suggests that organisational 
economic objectives and environmental improvement need not be mutually exclusive. It 
is encouraging to note that the adoption of certain green practices in supply chain 
management can produce operational and economic benefits as well as improvements in 
environmental performance (Azevedo et al., 2011; Green et al., 2012; Rao and Holt, 
2005). 
According to Gunasekarana et al. (2004), the basic process steps behind embarking 
on performance measurement are identifying objectives, evaluating performance and 
subsequently decision making regarding future action. Hervani et al. (2005) argue that 
performance measurement is carried out for two broad reasons, namely external reporting 
and internal analysis/control. Internal audiences will include management and employees 
whilst external audiences will include regulators, pressure groups, customers, investors 
and so on. These audiences will change depending on the supply chain in question and 
the context it operates in. Similarly, their interests and goals may differ considerably, and 
hence also the metrics they would consider useful. Much of the supply chain literature 
examines more stable supply chains such as automobile or electronic goods. More 
complex and fluid supply networks involving textiles or food are by their nature, more 
difficult to control through performance measures (Jack, 2011) and thus present similar 
issues for RSC management. Ahi and Searcy (2015) developed a framework based on 
their literature review that attempts to direct performance measurement using a number of 
categories of metrics around a ‘sustainability context’, which is a high-level 
representation of the typical participants in a green supply chain. 
In conclusion, there is currently no systematic approach for measuring the 
performance of a RSC, and further research into this complex issue is required. 
3.2 RSCs and EOL strategies 
The EOL strategy selected for a product will have an influence on performance measures 
and therefore the measurable effectiveness of the RSC. Rajagopalan and Yellepeddi 
(2007) illustrate an RSC network structure typical of a large original equipment 
manufacturer and offer methodologies for the measurement of the cycle time of value 
recovery and recommendations to reduce it. Rose and Stevels (2001) modelled the 
environmental performance of a number of consumer electronics products using data 
provided by Philips Consumer Electronics across their identified EOL strategies; reuse 
(second hand trading), service (life extension by repair or rebuild) remanufacture, 
recycling with disassembly, recycling without disassembly (using mechanical shredding 
and separation) and disposal (landfill or incineration, with or without energy recovery). 
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Their findings indicate that for some products, EOL strategies commonly thought to be 
most beneficial in terms of environmental impact might offer little, if any, benefit in this 
respect. 
In their comprehensive study concerning the eco-efficiency of consumer electronic 
products at the end of their lives, Huisman et al. (2004) applied a methodology to target 
minimal EOL treatment costs with maximum environmental recovery. They found the 
methodology to have capability in monitoring both the environmental and economic 
performance of individual materials, single products, and product groups in different 
EOL scenarios, thus assisting in EOL decision making for RSC operations. Srivastava 
and Srivastava (2006) suggested a conceptual model for RSC including the use of the 
environmental protection policy index and the green image and utility factor to optimise 
the reverse logistics network design. Organisations create unique supply chains and select 
different EOL solutions for their products. For that reason, the number of individual 
environmental performance metrics is large, even if many are quite similar in nature. 
Therefore, it is likely that each organisation will adopt a different process when 
considering what to measure and why. Indeed, Jasch (2000) argues that many 
organisations decide upon measures and then attempt to evaluate improvement rather 
than identifying targets using previous data to subsequently develop metrics for use in 
monitoring progress. In other words, the process of identifying metrics as part of a 
coherent and useful environmental performance management system is rather unreliable. 
Kumar et al. (2016) point out that RSCs are increasingly recognised as essential, 
especially in a service context, where the physical flow of products may occur both in 
forward and reverse sense, including the delivery and returns of product returns from 
customers (Jack et al., 2010). In forward supply chains, inputs and outputs can be 
tangible or intangible (services, provision of information, customer-specific 
arrangements); typically, only tangible outputs can be returned (He et al., 2016). The 
focus of the research discussed in this article is mainly on cases where products are 
tangible and not in their original state any more when the RSC deals with them. 
4 The suggested framework 
A unifying framework could help companies understand and analyse their RSC. 
However, creating a generic model, applicable to any kind of RSC is very challenging 
due to the very diverse nature of the different scenarios across industries and countries. 
The suggested model aims to include all possible entities and processes. Some scenarios 
will encompass most of them, whereas others will only include a small selection. For 
instance, RSC for electronics typically include disassembly, remanufacturing, 
reengineering, reusing, recycling as well as disposal, whereas the RSC in the second 
markets in the food industry will be limited to charity, animal feeding and energy 
creation (anaerobic digestion or combustion). 
4.1 RSC operations 
The RSC deals with products returning to the manufacturer or third parties. Returns (or 
diversion to third parties) may be necessary because of a variety of reasons: 
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1 products ‘as new’: too many items were ordered, or items being damaged, faulty, 
wrongly delivered or stock becoming obsolete 
2 used products: damage and faults occurring during the product lifetime, requiring 
repair or overhaul 
3 products at their EOL: no longer useful or wanted. 
Fleischmann et al. (2001) suggested five classes of return flows: 
1 EOL returns 
2 commercial returns 
3 warranty returns, i.e., failed products submitted for repair 
4 production scrap and by-products 
5 reusable packaging material. 
Analysis shows that most of them will fall into the second and third cases above, with 
commercial returns referring to the first case. 
The destination of a product in the RSC depends on several factors, including the 
remaining value (damage, size, material), the ease of disassembly or dismantling, the 
possibilities for reuse or recycling, the number of products at hand, and their nature. The 
case of products simply going to landfill is not typically considered an RSC scenario, 
although it is an EOL arrangement. RSC usually include elements of reuse, 
remanufacture/refurbishment, upgrading/upcycling or downcycling, recycling and energy 
production. Functional products often go on to a resale market, with or without warranty. 
In some cases, more than one iteration of an RSC process can take place, with products or 
materials going through several life cycles. 
4.2 Model 
Based on case studies taken from literature as well as direct interaction with industry, a 
generic model for RSC has been developed. Figure 1 show the typical processes involved 
in RSC, in accordance with Krumwiede and Sheu (2002). Examples are as follows, 
starting from the left: 
Case 1 Electronic components taken from recovered computers may only need very 
slight cleaning or refurbishment before they are ready to be integrated into new 
products again, sold at full price and with full warranty. 
Case 2 Returned vacuum cleaners may be remanufactured or repaired and then sold 
again at lower prices and typically with a reduced warranty. 
Case 3 Cars are often resold without any processing and hence without warranty, at a 
lower price. The retained value is lower than in case 2 due to the lack of any 
actions to maintain or improve the state of the product. 
Case 4 Metals are typically recycled and then sold again as primary materials. Recycled 
plastics often have degraded properties and hence will be sold at lower prices. 
Case 5 Food waste can be digested anaerobically to produce methane that is then used 
to heat buildings. 
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Some examples may not strictly follow the pattern shown in Figure 1, and combine 
characteristics from different cases. The processing by the original manufacturer, an 
independent company, or third party logistics partners may include the entire spectrum of 
inspection, testing, disassembly and sorting, or just some of the elements. 
Figure 1 RSC types 
 Product returned or retrieved 
Original manufacturer Independent organisation 
Inspection/testing/disassembly/organisation 
Cleaning/ 
refurbishing 
Full warranty/ 
full price 
Repair/ 
remanufacture 
Reduced warranty/
reduced price 
Resell 
No warranty/
reduced price 
Recycle 
Raw 
materials 
Scrap 
Energy 
production 
First market Second market
Value recovered 
Return to forward supply chain 
 
The processes to the left (remanufacturing, refurbishing) are generally thought to have 
the highest value retention rate and therefore may be the most desirable, whereas those to 
the right are considered to retain the least value and should be avoided if possible. These 
assumptions are subject to certain limitations and do not always hold true, particularly for 
energy consuming products, those with a short technology life cycle and those with a low 
purchase price. For example, the remanufacture of an inefficient energy-consuming 
product could be more detrimental to the environment than the recovery of its materials 
for use in a more efficient alternative. Similarly, accessing materials from the core of 
products may release considerable pollution, and the process may be hazardous for the 
workers. Nevertheless, over all, the extraction of these substances from waste may still be 
less harmful than the mining of virgin materials. 
It may be worth noting that short technology life cycles can be extended with little or 
no refurbishment by targeting other markets for some products. For example, older cars 
exported to areas outside of Europe, North America and Japan are often used for many 
more years. Similarly, mobile phones that are obsolete in Europe are currently recovered 
from users by companies like Envirofone and then resold in Africa, Asia and South 
America where life cycles are much longer for the same product and a technology 
adoption lag exists. Interestingly, some of the refurbishment that does occur i.e., resetting 
back to factory setting is typically done by the person owning the item before sending to 
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Envirofone. In this sense, personal privacy protection saves some refurbishment costs for 
the reseller. 
In developed countries, the resale market for remanufactured or repaired technology 
is likely to diminish as that technology ages – it may be viable to refurbish a mobile 
phone that is relatively ‘current’, but this is unlikely to be the case for an older model. 
However, resale markets in developing countries will often absorb products that are no 
longer desired or acceptable elsewhere. Factors including lower quality standards, a weak 
forward supply chain, poor communication technology infrastructure, under-developed 
regulation and corruption in developing countries contribute to this (Brooks, 2012). 
Therefore, the EOL strategy may require a reappraisal of how product life cycles differ in 
different markets for recovered products. To that end, as resource recovery is a global 
issue, it may be wise to not be too parochial with regard to product life cycle observations 
as they can be different across the world even for the same product. 
Products going to landfill should be the very last resort, as nothing can be gained 
from the process. Depending on what kinds of materials are being scrapped, there may be 
two better alternatives: incineration or anaerobic digestion (Gorgec et al., 2016). In the 
case of incineration, the generated energy can be used directly to heat buildings. 
Similarly, the methane gained from anaerobic digestion can be used as fuel for a variety 
of operations. Both scenarios require investments into infrastructure as well as running 
and maintaining the facilities. It has, however, been shown with the Kalundborg town 
(Valentine, 2016) that this can be done at an economic benefit. 
5 Analysis of shared characteristics 
Engaging in RSC activities is most interesting for companies when the products, parts or 
materials to be retrieved are of high value, scarce or need to be protected from third 
parties. Besides financial benefit, reasons to engage include improving corporate image 
in terms of ethical or moral responsibility, or the market requesting recycled, eco-friendly 
and socially sourced products, as well as the need to comply with environmental 
regulations. Although environmental quality standards (ISO 14001) are currently 
voluntary, they are increasingly adopted. The motivations for adoption are numerous 
such as a requirement to remain on a procurement list, the awareness that a competitor 
has it, or simply to improve business processes. Part of the standard is product life cycle 
analysis (ISO 14040). This provides a framework for an ongoing process of iterative 
design improvement for reducing environmental impact through better choice of 
materials, design for recovery and so on. Therefore, adoption of quality standards is for 
many companies the manifestation of RSC and can/should cut across the entire 
organisation. 
Seitz (2007) furthermore identified warranty aspects, securing a spare parts supply, 
gaining market share and assuring brand protection, as well as customer orientation as 
factors why automotive companies will conduct remanufacturing. In the EU, legal 
requirements also play an important role, obliging manufacturers to recycle materials. For 
instance, 85–95% of a Volvo truck is recyclable and about a third by weight of the 
materials used in a new truck is from recycled materials. Furthermore, disassembly 
instructions are available (Volvo, 2016). 
When retrieving products or components for reuse or remanufacturing, it is essential 
that they incur as little damage, wear and tear over time. Steinhilper (2001) identified 
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eight types of criteria for evaluating the suitability of a product for remanufacturing, 
including technical criteria, the number of available products, their value, life cycle 
duration, technological innovation, market characteristics and others. 
In cases like a car manufacturer refurbishing used engines, it is the original 
manufacturer organising the RSC (possibly outsourcing the logistics of it) and taking care 
of the product in-house. However, this is not always the case. Especially when the focus 
is on retrieving materials for recycling, third party companies are often taking over. For 
them, it is almost like running a forward supply chain, except that the materials are being 
sourced from more diverse locations. For the sake of a circular economy (Weetman, 
2016), it is secondary who organises and executes the RSC, as long as the parts or 
materials are being fed back into the circle of usefulness. However, the retained value and 
the energy invested in the reverse process does matter. Options that retain more value and 
involve less transformative processes usually require less energy, happen in a shorter 
time frame from the original product sale and have a higher probability of OEM 
involvement, as illustrated in Figure 2. 
Figure 2 Often, OEMs are less involved in RSC cases that retain little value, undergo significant 
transformations of the products and require a lot of energy and take a long time 
 
Energy 
invested 
OEM 
involvement 
Degree of 
transformation
Value 
retained 
Time 
elapsed 
 
In terms of energy and effort to be invested in the process, reuse ‘as is’ would be the most 
convenient option. Examples for this case include second hand cars that may need no 
more than inspection. Products that can be repaired or refurbished would follow, and at 
first sight, it may seem better to repair and reuse existing products if possible, avoiding 
their disposal as well as the manufacture of new ones. However, with the progress in 
technology, many updated products (e.g., car engines) become much more efficient. 
Hence it may be ecologically and economically more sensible to replace an old product 
by a new one. This is the case if the running cost and environmental effects of the old 
product over a certain period of time are greater than the purchase cost, running cost and 
environmental effects of new product over the same period of time. 
Products that need to be disassembled for the retrieval of reusable components or to 
gain access to certain materials used in their core (e.g., precious metals in electronic 
products) pose an additional challenge. As mentioned previously, the disassembly is 
usually done manually and with considerable effort. This means that most of these 
products get shipped to lower wage countries for economical reasons, increasing their 
environmental impact with transportation and possibly less socially and environmentally 
favourable conditions than in the country of use. 
Disassembly can be challenging. It usually has to be done manually and in an ad hoc 
manner due to variations between different brands of products, generations of products, 
modifications and damage. It becomes easier if the original manufacturer is involved and 
still has access to the construction plans, as well as when the lifetime of the product was 
shorter. This is an argument – broadly in line with the ‘polluter pays’ principle that 
guides much of the law in the UK and Europe – for increasingly shifting the ownership of 
products towards the manufacturer, using a product service system (PSS), further 
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discussed subsequently. In such a scenario, the manufacturer has a major interest in 
designing the product for frequent upgrade, easy repairs, simple disassembly, as well as 
reuse of components or recycling of materials. Modular designs will be favoured. The 
major challenge, which most likely requires a suitable legal framework and 
corresponding policies, is getting manufacturers to take life-long responsibility for their 
products (as promoted by product life cycle analysis, ISO 14040), and for customers to 
fully accept the PSS business model (Baines et al., 2007). 
5.1 Identification of critical factors 
The conservation of value is essential across the entire RSC (Weetman, 2016). It starts 
when the product is retrieved – the earlier in its life cycle the better – and continues 
through logistics to treatment and possible resale. Many products will lose value over 
time, even if their physical state does not otherwise change, as products on the market are 
replaced by newer models. Additionally, some materials will suffer from exposure to 
radiation, humidity or dust. The handling and processing of the products will also play a 
major role in terms of value conservation, as it may lead to damage and hence limit the 
possibilities for reuse or remanufacturing. 
The cost of processing will contribute to determining how much profit may result 
from the RSC. Processing includes collection, transportation, sorting, inspection, testing 
as well as disassembly, repair, remanufacturing, etc. 
Moreover, looking at the bigger picture, the cost should also include the effects of the 
RSC on the environment and society as a whole. On the negative side, further pollution 
may be caused and the local population’s health may be harmed. On the positive side, 
jobs may be created and the need for exploiting further natural resources be reduced. 
The consequences of not engaging in the RSC for companies and generally the 
economy, society and environment also need to be considered. This includes the effects 
of sourcing new materials rather than using existing ones and manufacturing new 
products as well as the need to deal with the waste from discarded ones. OEMs may miss 
opportunities to recover value and lose market shares to independent companies who are 
willing to engage in the RSC. Controlling the returns will also allow companies to ensure 
that spare parts do not end up being sold into a ‘grey market’ that may have additional 
detrimental effects on the business, such as counterfeiting. The protection of Intellectual 
Property is a reason for companies to engage in RSC (Martin et al., 2010). 
The lack of engagement in terms of sustainability may negatively affect the OEM’s 
corporate image and lead to customers favouring more responsible brands. This requires 
a more flexible, pragmatic or even enlightened approach to brand positioning, as 
Patagonia Clothing demonstrate, encouraging a market of used garments being resold. 
Furthermore, original manufacturers may miss the opportunity to get feedback on product 
reliability and durability, to access lower-priced markets, and fail to establish or maintain 
a reputation for quality (Matsumoto and Umeda, 2011). 
The acceptance of refurbished products by the customer (Abbey et al., 2015) will, 
among other factors, depend on how the products are brought to the market: with or 
without warranty; at a reduced, full or increased price; through which sales channels; 
with or without an eco label or ‘feel good factor’. In many cases, the demand for 
remanufactured products will also depend on the awareness of the customers that these 
products are actually available, and the ease for the customer to access them. 
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The quality of recycled materials or product components in comparison to new 
materials is an important factor as well (Ravi, 2012). In some cases, recycled components 
or materials show lower levels or performance than new ones, and manufacturers may 
need to adapt their product designs to deal with this. In other cases, the quality is not 
affected, or even improved (e.g., no wear-in phase for remanufactured engines). The 
issue with the quality loss the materials may suffer during reprocessing is sidestepped 
when repurposing old products, e.g., old car tyres becoming safe children’s playground 
surfaces or even old plastic bottles being reprocessed into garments. 
The varying interests of stakeholders and their respective degree of influence play a 
defining role in how an RSC is organised. For instance, a system that is created for 
keeping spare parts off the black market will operate in a very different way than a 
network of community-organised recycling points, or the returns system of a major 
retailer. As a consequence, when analysing RSC, it is essential to be aware of the major 
stakeholders and their goals. The current rules and regulations for dealing with waste 
provide a framework in which organisations operate, and in many cases is still the only 
reason companies engage in any kind of RSC – at least in the beginning. Numerous 
studies have found that in most countries, the legal framework is still not stringent 
enough (or not sufficiently enforced) to push companies to engage in effective CE 
activities. As an example, cross-border transport of e-waste is forbidden in many 
countries, yet it still happens at a large scale (Bisschop, 2012). It remains an open 
question if instead of forbidding its transport, it would not be preferable to create and 
enforce rules for dealing with e-waste in more responsible ways. The difficulty is then the 
lack of jurisdiction of the sending country in the receiving one. The key might be for all 
parties to understand that there is only one Earth, and pollution does not stay within 
political borders. 
Ethical issues of many kinds will have to be dealt with when organising RSC. This is 
also true for forward supply chains, but they may be easier to ignore due to the nature of 
the product flows – until the media sporadically reveal them, such as when major 
corporations use suppliers and subcontractors that treat their workers in slave-like ways 
(SACOM, 2016). Whilst many RSC are run for financial benefit primarily, others are 
created due to environmental and social reasons, and hence there is more sensitivity for 
ethical aspects. 
Last but not least, fraud in the RSC can seriously affect companies. For instance, 
many online retailers face return rates of 20 to 40% and in certain cases even more 
(Weverbergh, 2016). This is a considerable quantity, and provides multiple opportunities 
for malicious fraud (or unintentional mistakes) of various sources: customers, third party 
logistics handlers, and company employees of various functions. This is a risk that 
applies to most cases of RSC, and companies will need to take preventative measures to 
avoid losing money, quality and credibility (Jack, 2015). 
6 Analysis and discussion 
Companies looking to evaluate the environmental performance of their RSC operations 
should consider the total environmental impact of the EOL strategies selected for their 
products. This means looking outside of the supply chain effects and taking a holistic 
view. 
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Rose and Stevels (2001) argue that that the popular belief that reuse is the best EOL 
strategy to reduce environmental impact is only partly true. Reuse (including 
remanufacture or refurbishment to reuse) of an inefficient energy-consuming product or 
appliance and extension of its working life may have a greater environmental impact than 
recovery or recycling of its components and materials. Old cars and building 
heating/cooling systems illustrate this problem. In the future, the reuse of such products 
and appliances may become difficult as a result of consumers opting to purchase more 
efficient and therefore cheaper to operate alternatives or even impossible due to 
legislation forcing the removal of such products from the market. The phasing out of 
incandescent light bulbs and the recent prohibition on vacuum cleaners with motors 
exceeding 1,600 W in Europe demonstrates the EU’s commitment to energy saving. It is 
possible that measures such as these could be taken to address other energy-consuming 
products in the future. 
Most companies will seek to maximise value recovery in the selection of the EOL 
strategies for their products. The potential value that can be recovered from a product 
often diminishes over time. For example, electrical products that are quickly superseded 
such as mobile phones and computers, seasonal goods from the fashion and events 
industries and perishable goods, such as food, medicines, flowers and cosmetics. This has 
implications on EOL strategy and the design and operation of the RSC itself. This applies 
both to the economic and environmental aspects of an RSC operation. 
It may be the case for some products that certain strategies offer a better financial 
return than others. For example, a refurbished laptop may offer less in terms of economic 
value recovery than could be realised by dismantling and reusing its materials, which 
may hold or in some cases even increase its value over time. Of particular significance 
for those products that more readily decline in value is the ‘cycle time of value recovery’ 
of the product. In their study of the development of methodology for measuring value 
recovery time of returns, Rajagopalan and Yellepeddi (2007) define this as “the time 
taken by the returned product to traverse from the first operation in the RSC to the last 
one”. Clearly the more complex the operation to recovery value, the greater the cycle 
time of value recovery and the bigger the cost, hence the smaller the recovered value. 
Furthermore, there is usually considerable uncertainty surrounding the quality and 
quantity of returned goods. 
6.1 Business models supporting prolonged and repeated product life cycles 
The PSS business model, also known as servitisation (Dachs et al., 2014), where 
companies provide a service based on their product, rather than just a product to be 
purchased, solves the issue of manufacturers not giving much importance to the EOL 
solutions of the products they make. Rather than selling a product and no longer being 
responsible for it, companies that sell a service typically provide equipment to their 
customers on loan and deliver maintenance, repair and periodic replacement. This means 
that companies keep the responsibility for the equipment and are therefore interested in 
options for disassembly and refurbishment or whichever EOL solution is selected for the 
product. The service business model hence facilitates the engagement in RSC and 
contributes to reducing waste. 
Another solution to this problem is for companies to actively seek to retrieve used 
products from the end user whilst the product is in a known condition. This strategy is 
likely to be most successful when the user is required or compelled to return a product to 
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an established collection point for their own benefit. This principle is illustrated by 
domestic gas canisters or disposable cameras, for example, which the customer needs to 
take to a collection point for it to be processed, replenished or replaced. In these cases, 
the quantity and quality of returned products would be more predictable. Financial 
incentives, such as discounts on new products when returning used ones may also help to 
improve return rates. For items that cannot be disposed of with general household waste 
the benefit to the consumer in this case is twofold, as they need not make a separate visit 
to a product disposal facility or pay for it to be collected. 
Similarly, many companies selling larger home appliances (which are typically 
delivered rather than collected by the consumer) offer to remove and dispose of the used 
product at no cost the customer. The advantages of this strategy include that the company 
can predict approximately how many appliances will be returned and the capacity of the 
delivery lorries can be used in both directions. Companies could even request advance 
information from the customers regarding the types, brands and states of the returned 
appliances. 
6.2 Reasons for companies to engage in RSCs 
It is a common belief that running an RSC is beneficial for the environment but 
financially disadvantageous. This is especially the case with products that have not been 
designed with disassembly and reuse in mind, and when products retain little value. In 
these cases, companies may operate an RSC because legislation demands it, or because it 
is favourable for the corporate image. Successful examples of RSCs often retrieve 
valuable, scarce or high-energy materials. Some companies use remanufactured 
components or recycled materials to lower manufacturing costs. Steel is very prominent 
example of this principle: the UK are large exporters of scrap steel to China and India 
where steel is recycled and then sold back to the UK, at prices that are lower than those 
paid for newly gained steel from the UK. However, Arc furnaces in the UK now produce 
recycled steel that is also significantly cheaper than newly gained UK produced steel. 
Hence, whilst Chinese recycled steel may still be cheaper on the face of it, it is 
necessary to also consider the bigger picture: the effects of global transport, the lower 
regulation of industrial pollution caused by coal-fuelled Chinese power stations, water 
contamination and poor waste disposal in China and less stringent health and safety 
regulations. Taking all this into account, any cost differential becomes far less clear-cut: 
exporting our pollution may give the false appearance of ‘greening’ our supply chains 
when production in China or India is not clean even if the product is recycled steel. As 
stated before, companies need a more rounded view of their supply chains because 
cheapness is more than sales prices or financial metrics in general. If finance is the main 
metric, it becomes a lagging index of a performance measurement system that is 
internally focused and not adequate for RSC (Caplice and Sheffi, 1995). 
Certain electronics manufacturers are known to use refurbished components in new 
devices, as they are cheaper to source. In other cases, car manufacturers remanufacture 
used engines and even sell them at higher prices due to the engines not needing any  
wear-in period the second time. BMW actively promote the fact that they use recycled 
materials in their new cars on their websites. For Volvo and BMW, this is in no small 
part due to EOL vehicles (producer responsibility) regulations 2005, no.263 derived from 
EU directive 2000/53/EC that requires manufacturers to provide a convenient network of 
facilities to receive EOL vehicles. 
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For more companies to engage in RSC activities, the EOL strategy selected for a 
product is key. This can be most successfully addressed at the design stage. A difficulty 
lies in the fact that the stakeholders are often not the same; product designers are rarely 
aware of the requirements for dismantling and reuse, and those dealing with RSC rarely 
have any say in product design – a few examples of exceptions are given below. In 
addition to that, too often procurement and supply chain managers are excluded from the 
early stages of new product development, which has the effect of new materials being 
specified rather than recovered materials/components, unless regulation requires it. In the 
automotive sector, for example, once materials are specified at detailed component level 
and the design phase ends, it may prove highly expensive and very slow to change 
specification (or even supplier). As a consequence, materials are not easily changed once 
they form parts of drawings and specifications. This is in part the effect of TS 16949 
Quality standard for automotive manufacturers and suppliers, derived from ISO 9001. 
The EU Restriction of Hazardous Substances, RoHS – Directive 2002/95/EC (now 
replaced by RoHS 2 – Directive 2011/65/EU), had serious effects on this across all 
sectors of European manufacturing as it forced manufacturers and suppliers to consider 
recycling and disposal as part of their design processes. 
Finally, many products are designed for shorter life cycles than was the case in the 
past e.g., TVs and washing machines. This suggests corporations favour regular repeat 
sales over servicing and repair, meaning that they prioritise their forward supply chain 
over the RSC, and their shareholding stakeholders to the detriment of environmental 
stakeholders. 
Further challenges are identified by Rose et al. (1998), such as advancements in 
recycling and value recovery technology and material commodity market fluctuations. 
They argue that “only by accurately predicting the end-of-life strategy of products can 
designers and recycling technology developers actually incorporate design for 
environment”. They also identify a range of factors and characteristics that affect the 
recyclability and therefore the optimum EOL solution for a given product. From their 
case studies they observed that a relationship exists between the wear-out life, technology 
cycle and EOL path for certain products. 
6.3 Examples of RSC 
Whilst the majority of businesses still mostly ignore their RSC, there are many examples 
where the RSC is fully functional and benefits the companies as well as society and the 
environment. The following list describes a few cases; further and more detailed case 
studies are described in Frei (2016). 
1 Dismantling of ships (Iliopoulos, 2015), cars and aircraft: specialised dismantling 
plants deal with ships and aircraft once they have reached the end of their useful life. 
Most ships will be taken apart in India and Bangladesh, but also in China, Turkey 
and the Netherlands. Aircraft disassembly is done along the border between France 
and Spain as well as in Arizona, USA. Cars are being demolished in many local 
plants all around the world, whilst some of them go to second markets in developing 
countries. 
2 Combustion gas bottles: used for camping, mobile business applications and 
households without central gas supply, gas bottles are refilled by local retailers. 
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3 Remanufactured electronics: some devices are openly declared as refurbished by the 
manufacturer and sold at 75% of original price, with a full product warranty. 
4 Remanufactured electronic components: for instance, hard drives are often 
refurbished by manufacturers and then placed in new computers, sold at full price. In 
this case, the customer is not aware that some components have been used 
previously. 
5 Refurbished photocopiers and printers: some devices have an average of seven life 
cycles (Chiodo and Ijomah, 2014), with many components being reused whilst others 
are being exchanged. 
6 Whilst efforts are being made to recycle unused or regained materials in construction 
industry, with collection containers being placed at major construction sites, the 
reuse of materials is still facing many barriers (Chileshe et al., 2015). 
7 In fashion retail, second markets are particularly interesting for high-priced brands 
sold at reduced prices in outlets and off-price stores (Beh et al., 2016). Customers 
buy a high-quality product from overstock or returns at a lower price. 
8 A pilot project returning spare parts for medical equipment back to the manufacturer 
(Pham, 2015) is motivated by keeping the parts off the black market firstly and 
secondly by possible financial benefits. 
Table 1 Example of RSC cases 
Type of RSC Example Engaged parties 
Inspect/repair 
and onto first 
market 
Combustion gas bottles Consumer, retailer, manufacturer 
Electronics sold at full price Consumer, retailer, manufacturer 
Photocopiers Consumer, retailer, manufacturer 
Spare parts returned Manufacturer, suppliers 
Repair/refurbish 
and onto resale 
market 
Electronics sold at lower price (Consumer, retailer), manufacturer 
Off-price fashion Retailer, off-price trader 
Recycle and 
resell materials 
Dismantling of ships Ship owner, EOL ship trader, ship 
dismantling company 
Recycling of construction materials Builders, recycling companies, 
manufacturers 
Scrap and 
capture energy 
Burning or organic digestion of 
materials 
Waste management companies 
Table 1 categorises the RSC examples according to the model illustrated in Figure 1 and 
lists the typically involved parties. It is interesting to observe that with products being 
inspected or repaired and going back onto the first market, the original manufacturer is 
most often involved and in charge of running the RSC. In this case, the most value is 
recovered. The less value is recovered (and the further to the right in Figure 1), the less 
likely it is that the original manufacturer is involved, and third parties are running the 
RSC instead. In these situations, the RSC deals with a wider variety of products and 
materials, and has less control of their origin and condition, and generally less is know 
about them. An interesting development to mend this situation is happening in the ship 
industry, where Maersk are developing a ‘cradle-to-cradle passport’ for the new 
   
 
   
   
 
   
   
 
   
   262 R. Frei et al.    
 
    
 
 
   
   
 
   
   
 
   
       
 
generation of major vessels, containing information about the materials used in the ship 
and any changes made during its lifetime (Maersk, 2014; Sterling, 2011). 
Figure 3 shows an RSC run by the original manufacturer with the essential possibility 
of providing feedback from process involving disassembly/inspection/remanufacturing to 
the design and manufacturing stage. Whilst this would theoretically also be possible 
when third parties are involved in the RSC, it is more difficult to get the original 
manufacturer to pay attention to the feedback, and even more challenging to get them to 
implement any changes that are unlikely to directly affect them. 
Figure 3 Feedback from recovered products for the benefit of new or improved designs 
 
Product returned or 
retrieved 
Inspect/repair/ 
refurbish/ 
remanufacture 
Feedback 
Design and 
manufacture 
Warranty, pricing 
First/second market
 
7 Conclusions and recommendations 
This article addressed the following research questions: 
Q1 What is the current state of the art in understanding different types of RSC and 
assessing their performance? 
A1 The literature review refers to relevant existing work, concluding that a 
research gap exists regarding both the modelling of RSC and the assessment 
of their performance. 
Q2 What different types of RSC exist and how do they relate to each other? 
A2 To this purpose, numerous examples of RSC were presented and a unifying 
framework was introduced, together with an assessment of the stakeholders 
and their interests. 
Q3 What factors influence companies’ decisions to engage in RSC and what factors 
decide whether or not an RSC will be successful? 
A3 This article has highlighted some of the challenges associated with 
establishing, operating and monitoring RSC operations and some potential 
solutions to these problems. Shared characteristics and critical factors have 
been identified. 
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To assess the performance of RSC as well as to advise policy makers and company 
directors on how to best shape a framework for guiding RSC and how to best organise 
RSC operations, an even deeper understanding is necessary. Further research should be 
conducted to create a comprehensive RSC decision making tool, which includes EOL 
solution optimisation for maximising the environmental and economic performance of 
the RSC. This should include a mechanism for comparing the effects of continued use of 
inefficient products, including possibly necessary refurbishments and repairs, versus the 
production of new efficient products, their use, and the proper disposal/recycling of the 
discarded products. 
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